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CLAIMS 

1 . A pump device (101) comprising: 

a pump housing (110, 120, 130, 160, 170), 
5 - a pump cavity (150) formed within the housing, the pump cavity comprising a first 
wall portion (152) and an opposed second wall portion (153), the first wall portion having a 
generally hollow configuration and the second wall portion having a generally raised configu- 
ration relative to the pump cavity, 

a pump membrane (141) comprising a first membrane surface (142) and a second 
10 membrane surface (143), the pump membrane being arranged within the pump cavity, 

a pump chamber (151) defined between the first wall portion and the first membrane 

surface, 

an actuation chamber (154) defined between the second wall portion and the sec- 
ond membrane surface, 
15 - inlet means in fluid communication with the pump chamber, 

outlet means in fluid communication with the pump chamber, wherein 
the pump membrane has a maximum volume position in which the second mem- 
brane surface in a stretched state abuts and substantially conforms to the general configura- 
tion of the second wall portion, and a drained volume position in which the first membrane 
20 surface in a stretched state abuts and substantially conforms to the general configuration the 
first wall portion, and 

the pump membrane is adapted to cooperate with actuating means for periodically 
shifting the pump membrane between the maximum volume position and the drained volume 
position. 

25 

2. A pump device as defined in claim 1 , wherein the first wall portion has a generally 
concave configuration and the second wall portion has a generally convex configuration rela- 
tive to the pump cavity. 

30 3. A pump device as defined in claim 1, wherein the inlet means and the outlet means 
comprise an inlet valve respectively an outlet valve. 

4. A pump device as defined in claim 3, wherein at least one of the valves comprises: 
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a valve cavity (11) generally formed from a wall portion and a valve seat portion 
(13), the valve seat portion having a generally convex configuration relative to the valve cav- 
ity, the valve seat portion comprising a fluid inlet, 

a valve membrane (15) comprising a first valve membrane surface, a second valve 
5 membrane surface and a valve opening (16), the valve membrane being arranged within the 
valve cavity, 

a valve chamber defined between the first membrane surface and the wall portion, 
the valve chamber comprising a fluid outlet, wherein 

the valve membrane has a closed position in which the second valve membrane 
10 surface in a stretched state abuts and substantially conforms to the general configuration of 
the valve seat portion thereby closing the fluid inlet, and an open position in which the sec- 
ond valve membrane surface in a further stretched state is at least partially lifted away from 
the valve seat portion, thereby providing fluid communication between the fluid inlet and the 
fluid outlet via the valve opening. 

15 

5. A pump as defined in claim 3, wherein the pump housing comprises: 

a first housing portion (810) comprising the first wall portion (852) of the pump cav- 
ity, and a first portion of at least one of the inlet and outlet valves, 

a second housing portion (820) comprising the second wall portion (853) of the 
20 pump cavity, and a second portion of the at least one of the inlet and outlet valves, 

a membrane member (840) disposed between the first and second housing portions 
forming the pump membrane (841) and the valve membrane for at least one of the inlet and 
outlet valves arranged between the first and second portions valve(s). 

25 6. A pump device as defined in claim 1 , comprising a fluid conduit in flow communica- 
tion with the actuation chamber, and actuation means for applying a variable fluid pressure in 
the actuation chamber for periodically shifting the pump membrane between the maximum 
volume position and the drained volume position, the actuation means being in flow commu- 
nication with the actuation chamber through the fluid conduit. 

30 

7. A pump device as defined in claim 6, wherein the actuation means comprises 
means for providing a flow of fluid to the actuation chamber through the fluid conduit to 
thereby shift the pump membrane from the maximum volume position to the drained volume 
position, and means for controlling a flow of fluid from the actuation chamber through the 
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fluid conduit to thereby shift the pump membrane from the drained volume position to the 
maximum volume position. 

8. A pump device as defined in claim 6, comprising a fluid chamber (121) in fluid com- 
5 munication with the actuation chamber, and heating means (128) associated with the fluid 

chamber. 

9. A pump as defined in claim 4, wherein a fluid chamber in fluid communication with 
the actuation chamber is formed between the first and second housing portions, heating 

10 means being associated with the fluid chamber. 

10. A pump device as defined in claim 6, further comprising: 

a transmission cavity (290, 890) including a moveable transmission member (295, 
895) arranged there within, the transmission cavity comprising an inlet chamber (296, 896) 
15 and an outlet chamber (297, 897) sealed from each other by the transmission member, the 
outlet chamber being in fluid communication (222) with the actuation chamber, 

a fluid chamber (221, 821) in fluid communication (223, 823) with the inlet chamber, 

and 

heating means (228, 828) associated with the fluid chamber. 

20 

11. A pump device as defined in claim 10, wherein the housing comprises: 

a first housing portion (810) comprising the first wall portion (852) of the pump cavity 
(850), first portions of the inlet and outlet means (861, 871), and a first portion of the trans- 
mission cavity (890), 

25 - a second housing portion (820) comprising the second wall portion of the pump cav- 
ity, second portions of the inlet and outlet means, and a second portion of the transmission 
cavity, 

a membrane structure (840) disposed between the first and second housing portions 
forming the pump membrane (841), the inlet and outlet valve membranes, and the transmis- 
30 sion member (895). 

12. A pump device as defined in claim 6, wherein the means for providing the flow of 
fluid to the actuation chamber through the fluid conduit is taken from a group comprising gas 
expansion means, gas generating means, and gas pumping means. 

35 
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13. A pump device as defined in claim 12, wherein the means for controlling the flow of 
fluid from the actuation chamber through the fluid conduit is taken from a group comprising 
gas contraction, gas consumption, gas pumping means and gas dumping means. 

5 14. A pump device as defined in claim 6, wherein the actuation means is hydraulic 
pump means. 

15. A pump device as defined in any of claims 1-4, comprising actuating means taken 
from a group comprising a piezoelectric member (328), and an electrostatic means. 

10 

16. A pump device as defined in claim 6, further comprising: 

control means (529, 629) for operating the actuation means at a predetermined 
priming cycle frequency, 

means (502, 503, 529, 602, 603, 604, 629) for detecting a first membrane move- 
15 ment pattern associated with the pumping of a gas or a mixture of gas and liquid, 

the control means being adapted for continuing operation of the pump in accordance 
with the priming cycle frequency until a second pre-defined pattern associated with the 
pumping of a liquid is detected, the control means being adapted to terminate pump actua- 
tion in response thereto. 

20 

17. A pump device as defined in 6, further comprising: 

control means for operating the actuation means at a predetermined priming cycle 
frequency, 

means for detecting a membrane movement pattern, 
25 - the control means being adapted for continuing operation of the pump in accordance 

with the priming cycle frequency until the difference between a series of consecutively de- 
tected membrane movement patterns are within a predefined range, the control means being 
adapted to terminate pump actuation in response thereto. 

30 18. A pump device as defined in claim 16 or 17, further comprising detecting means 
(502, 503, 602, 603, 604) arranged on opposed surfaces of the pump membrane and the 
housing and providing an electrical impedance which is influenced by movement of the pump 
membrane relative to the housing, and detection means (529, 629) sensitive to the changes 
in electrical impedance for providing an output signal representative of movement of the 

35 pump membrane. 
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19. A delivery device (901) comprising: 

pump means comprising a pump device (940) as defined in any of the previous 

claims, 

5 - a reservoir (950) adapted to contain a liquid drug and comprising an outlet means 
allowing the reservoir in a situation of use to be arranged in fluid communication with the inlet 
means of the pump device, the reservoir preferably being a prefilled, flexible reservoir, 

outlet means being adapted to cooperate with or comprising a transcutaneous ac- 
cess means (944), 

10 - control means for operating the pump means to expel a drug from the reservoir and 
out through the outlet means, and 

energizing means for energizing the pump means and the control means. 

20. A delivery device as defined in claim 19, further comprising a mounting surface 
15 (918) adapted for application to the skin of a subject. 

21. A delivery device as defined in claim 20, wherein the mounting surface comprises 
mounting means having an adhesive surface. 

20 22. A delivery device as defined in claim 20 or 21, wherein the outlet means comprises 
a hollow infusion needle communicating, in a situation of use, with the interior of the reser- 
voir. 

23. A delivery device as defined in claim 22, wherein the infusion needle comprises a 
25 distal pointed end adapted to penetrate the skin of the subject, the infusion needle being 
moveable between a first position in which the pointed end of the needle is arranged in a re- 
tracted position relative to the mounting surface, and a second position in which the pointed 
end of the needle projects from the mounting surface. 

30 24. A delivery device as defined in claim 23, wherein the infusion needle is mounted on 
a pump assembly comprising the pump, the pump being moveable between a first position in 
which the pointed end of the needle is arranged in a retracted position relative to the mount- 
ing surface, and a second position in which the pointed end of the needle projects from the 
mounting surface. 

35 
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25. A delivery device as defined in claim 19, wherein the pump means and the reservoir 
are moveable relative to each other between a first position in which there is no fluid com- 
munication between the reservoir and the pump, and a second position in which fluid com- 
munication between the reservoir and the pump is established. 

5 

26. A drug delivery device as defined in claim 25 when dependent upon claim 24, 
wherein movement of the reservoir between a first position and a second position results in 
movement of the pump assembly between the first position and the second position thereof. 

10 27. A pump device as defined in claim 6, comprising a pump unit and an actuation unit, 
the pump unit comprising a pump device as defined in any of claims 1-5 and the actuation 
unit comprising actuation means as defined in any of claims 6-14, wherein the units are 
adapted to be operatively connected to each other. 

15 28. A pump system as defined in claim 27, wherein the pump unit comprises: 

a reservoir for, or containing, a drug to be infused and arranged, in a situation of 
use, in fluid communication with the inlet means, the reservoir preferably being a prefilled, 
flexible reservoir, and 

outlet means being adapted to cooperate with or comprising a transcutaneous ac- 
20 cess means, 

the actuation unit comprising: 

control means for operating the actuation means, 

the pump system comprising energizing means for energizing the actuation means 
and the control means. 

25 

29. A delivery device as defined in claim 19, further comprising: 
indication means, 

detecting means (502, 602, 702) for detecting an occlusion condition associated 
with a pre-defined elevated pressure condition in the pump chamber during pump actuation, 
30 the detecting means being adapted to actuate the indication means when the occlusion con- 
dition is detected, 

the outlet means being hydraulically rigid such that a partial or full occlusion of the 
outlet means will result in a substantially unrestricted pressure rise in the outlet means and 
thereby the pump chamber. 



35 
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30. A delivery device as defined in claim 29, wherein the outlet means is in the form of a 
hollow needle comprising a pointed distal end portion adapted to be inserted though the skin 
of a subject. 

5 31. A delivery device as defined in claim 29, wherein the occlusion condition associated 
with a pre-defined elevated pressure condition in the pump chamber is selected from the 
group comprising the conditions: pressure in the pump chamber, pump membrane position 
or movement, valve membrane position or movement, pressure in the outlet means, pres- 
sure in gas or hydraulic actuation means, position or movement of mechanical actuation 

10 means, current flow in electrically driven actuation means. 



